Two hundred and four isolates of swarming strains of Proteus species which had been typed for their ability to produce bacteriocin (proticine) and also their proticine sensitivity (P/S typing) were tested in all combinations for their Dienes compatibility with each other. Ninety-eight distinct Dienes compatibility groups were found. Physiological and genetic experiments supported the evidence of typing results that, irrespective of species, both the type of proticine a strain produces (P type) and the sensitivity of the strain to proticine (S type) were determinants of Dienes compatibility. Strains showing compatibility in the Dienes test were of the same P/S type, whereas those of different P/S types were incompatible.
which were sensitive to only one of these 13 newly defined standard proticine-producing strains and these were referred to as the standard indicator strains. The type of proticine a strain produced was referred to as its P type and the type of proticine to which it was sensitive, as its S type (Senior, 1977) .
Proticine production andproticine sensitivity (P/S) typing of strains. Though the P/S type of each strain was originally determined on MacConkey agar (Oxoid CM7) (Senior, I977), the strains were retyped on blood agar plates [Oxoid CM55 blood agar base and 5 % (v/v) horse blood] supplemented with either I % (wiv) sodium taurocholate or 0.2 mM-p-nitrophenylglycerol (Kopp, Miiller 8c Lemme, I 966) to prevent swarming. Loopfuls of 16 h tryptone water (Oxoid CM87) cultures of the 13 standard proticine-producing strains or strains whose P type was to be determined were streaked across the plates. After incubation at 37 "C for 18 h the growth was removed and the plates were sterilized with chloroform. Loopfuls of tryptone water cultures of the standard set of indicators or strains whose S type was to be determined, which had been incubated for 4 h at 37 "C, were streaked across the plates at right angles to the streaks of the producer strains. The plates were incubated for 18 h at 37 "C and examined for areas of proticine-inhibited growth.
Proticine production under conditions permitting swarming. TWO strains of different PIS types were inoculated on to the opposite margins of a blood agar plate. After overnight incubation at 37 "C, the position of the Dienes line was marked on the base of the plate, the growth over a wide area where the Dienes line had formed was removed with a microscope slide covered in Sellotape and the plates were sterilized with chloroform. Loopfuls of 4 h tryptone water cultures of a set of non-swarming proticine indicator strains were streaked at right angles to and over the position of the Dienes line. After 18 h incubation at 37 "C the plates were examined for growth of the indicator strains.
Proticine production and sensitivity nt 42 "C. Loopfuls of 16 h tryptone water cultures of each of the 13 standard proticine-producing strains were streaked across four blood agar plates containing p-ni trophenylglycerol. Three plates were incubated at 37 "C, the fourth at 42 "C. After 18 h incubation the growth on each plate was removed and the plates were sterilized with chloroform. One plate incubated at 37 "C and that incubated at 42 "C were cross-streaked with loopfuls of tryptone water cultures of the 13 standard indicator strains grown at 37 "C for 4 h, and the plates were examined after a further 18 h incubation at 37 "C. The two remaining plates originally incubated at 37 "C were cross-streaked with tryptone water cultures of the 1 3 standard indicator strains grown at 42 "C for 24 h, and then one plate was incubated at 42 "C, and the other at 37 "C. After 18 h incubation, the plates were examined.
Isolation of proticine-resistant mutants. Potential proticine-resistant mutants were occasionally observed as small colonies in an area where the growth of a proticine-sensitive strain had been inhibited by proticine. Such single, well-isolated colonies were picked with a straight wire into tryptone water, incubated for 4 h at 37 "C and tested for resistance to proticine. Those found to be resistant were later shown to be true proticineresistant mutants of the indicator strain, and not ' proticine-immune' colonies of the producer strain which might have arisen through incomplete sterilization of the producer strain, because they were of a different Dienes type from the producer strain and failed to produce the type of proticine produced by that strain.
Dienes typing of strains. A loopful of a 4 h tryptone water culture of each strain under test was applied to the surface of two dry blood agar plates. Inocula were arranged so that Dienes compatibility of six strains could be tested simultaneously in all combinations on the minimum number (i.e. two) of plates (Fig. I) . The plates were incubated at 37 "C for 18 h and examined with reflected light for the presence of Dienes lines.
Some slow-spreading strains required a longer period of incubation, or a thicker layer of medium, or a reduced concentration of agar (0.75 %, w/v) before the plates could be 'read'. Some strains were non-spreading under all conditions and therefore untypable. Care was required in reading the plates, because a nonspreading strain was often overrun by a neighbouring strain. If this event is not recognized (observation of the origin of the contours of swarming growth assisted in its recognition), the test will be wrongly interpreted as indicating compatibility. The object of this study was to investigate whether or not the characteristics of proticine production (P type) and proticine sensitivity (S type) were involved as determinants of compatibility in the Dienes test. George (1974) had shown that proticine production varied in activity spectrum and titre when strains were typed on different media. Thus for P/S typing a medium had to be selected which prevented strains from swarming and was as similar as possible to blood agar, on which the Dienes compatibility reactions of swarming strains was tested, in order that neither medium composition nor the swarming phenomenon would affect the PIS type of a strain under swarming and non-swarming conditions.
Proticine production and sensitivity under swarming and non-swarming conditions
By increasing the concentration of agar in blood agar medium from 1-5 to 5 % (w/v) swarming could be prevented but proticine production could no longer be detected. The addition of I % (w/v) sodium taurocholate to blood agar caused lysis of the red blood cells, but swarming was prevented and PIS typing wai-both possible and satisfactory. The addition of p-nitrophenylglycerol (PNPG) to blood agar to a concentration of 0.2 mM had no lytic effect on the red blood cells, swarming was again prevented and P/S typing was both possible and satisfactory. The PIS types of most of the strains were compared after typing on MacConkey agar, taurocholate blood agar and PNPG blood agar. For all strains tested, the types were the same on all three media, proticine production and sensitivity being as good as, if not better on the supplemented blood agars than on MacConkey agar. PNPG blood agar was preferred to taurocholate blood agar because it did not lyse the red blood cells and was selected as the medium for PIS typing in this work. The PIS types of many nonswarming strains as determined on blood agar and PNPG blood agar were compared and found to be identical. It is believed, therefore, that the P/S types of swarming strains determined on PNPG blood agar, where swarming is prevented, are identical to those of the same strains when swarming on blood agar.
Under swarming conditions, the only proticines detected were those expected from the P type of the strains. Proticine covered the area of growth and swarm as far as, but not beyond the Dienes line. When swarms of non-producing strains with different proticine sensitivities (i.e. Po/Sx and Po/Sy) were examined, there was no inhibition of any of the indicators either in the area of swarm or in the area of the Dienes line, indicating that no proticine was detectable which might conceivably have arisen genetically or through cell lysis at the Dienes line.
Dienes typing
Of the 250 Dundee strains, 24 cw indicator strains and 10 cw producer strains, 204 were found to swarm on blood agar and were subsequently tested in all combinations with one another for Dienes compatibility, a total of 41 616 tests. The results of these tests have been analysed and for ease of interpretation are presented (Table I ) as a list of the 98 Dienes compatibility groups found and the P/S types of the strains belonging to these groups.
All strains within a compatibility group were compatible with each member of that group and incompatible with any strain in any other compatibility group. All members of a compatibility group, with only four exceptions, possessed the same P/S type and this was specific to the compatibility group. It appeared therefore that the P/S type was associated with Dienes compatibility.
Proticine sensitivity ( S type) as a determinant of the Dienes type. If the mutual inhibition between different strains of Proteus species observed in the Dienes test is solely the outcome of proticine action, then all strains which do not produce proticine (type Po/Sx) should be compatible with one another. The results presented in Table I demonstrate that this is not so. Several distinct Dienes types were formed among the non-proticine producing strains. The determinants of Dienes compatibility 239 * Letters refer to subtypes of proticines (Senior, 1977) . The absence of letters means strains are sensitive to all subtypes.
In general, all strains with the same P/S type were compatible with one another and incompatible with any strain of a different PIS type. There were only two exceptions to this behaviour: strains with apparently the same PIS type (Po/S4) were of two distinct Dienes types;
and strains cw794 (PO~SI), ~6 (Po/S1,5) ~6 and H7 (both Po/S5) although of different P/S types were compatible with one another. An explanation for this is suggested in the Discussion.
The definition of the Dienes line appeared to indicate to some extent the degree of relatedness of the strains. Strains of very different S types gave well-defined Dienes lines, whereas strains such as N 3 (Po/S1,8,13) and A 5 (Po/S1,8,11,13), which shared the same sensitivity to several proticines and only differed in their sensitivity to one proticine, gave less well-defined Dienes lines. It appeared, therefore, that most, if not all proticine-sensitivity characters were determinants of Dienes compatibility.
Proticine production ( P type) as a determinant of the Dienes type. If the mutual inhibition between different strains of Proteus species observed in the Dienes test is solely determined by the S type of the strain, then those strains which produce different proticines but have a common S type should be of the same Dienes type. The results of tests between such strains showed that this was not true. To eliminate the effect of the S type character on the Dienes reaction, 5 I proticine-producing strains that were insensitive to proticine (type Px/So) were tested for their Dienes compatibility. The results (Table I ) show that, in every case, strains that produced different proticines belonged to different and distinct Dienes types.
Only strains that produced a common proticine were compatible with each other. Most strains producing subtypes of proticine I were of distinct compatibility groups. However, it was difficult to assign many of the strains of type Pra/So and Prb/So to either compatibility group because of uncertainty as to whether a Dienes line was present. Therefore, in addition to the S type character, each P type character also plays a role indetermining Dienes compatibility. Because both the P type and S type characters of a strain appeared to determine compatibility in the Dienes test, strains which are both proticinogenic and proticine-sensitive should be incompatible with all strains of a different P/S type. Moreover, all strains that are both non-producers and insensitive to proticine (type Po/So strains) should be compatible with each other and belong to a unique compatibility group. The results (Table I) show that these hypotheses were largely substantiated. Strains of the same P/S type were compatible with one another but were incompatible with any other strain of a different PIS type. Strain ~8 (P2b/S I abde,~) has given on different occasions both reactions of compatibility and reactions of incompatibility with the group of very similar strains of PIS type Pzb/S~abcdef,j. Strain PS (P8/S1,3b,r2,13) reacted similarly with the closely related strain 07 (P8/S1,3b,s, 12,13). There appeared to be at least two compatibility groups for strains of the apparent P/S type P3a/S1,8. Repeated examination of these incompatible groups of strains has failed to show any differences between their PIS types. There may be a third compatibility group in this PIS type; a faint Dienes line was occasionally seen between strains cw784 and cw977, suggesting that these strains may be incompatible. Only four of the eight strains of the type Po/So swarmed and all except strain c7 belonged to a single, unique compatibility group. The remaining strains were those producing hitherto undefined 'atypical' proticines. Among these were nine swarming strains, sensitive to a number of different proticines. Each strain belonged to a unique compatibility group.
Dienes reactions of proticine-resistant mutant strains.
In a few of the original isolates that had been stored for 2 years, variant strains were found which were incompatible in Dienes tests with the original parent strain. PIS typing showed that either proticine-sensitivity On: Sat, 08 Dec 2018 19:48:09 characters or the ability to produce proticine had been lost. Proticine-resistant mutants were also isolated from several proticine-sensitive strains capable of swarming on blood agar. Some of these mutants were unable to swarm. However, among the mutants capable of swarming, some were compatible and some incompatible with the parent strain. From a knowledge of the P/S types of the members of the latter group of mutants and the variant strains, it was predicted that these strains should be compatible with wild-type strains of the same P/S type. In most instances, wild-type strains of the required PIS type were not available, but in the few cases where they were, the predictions were correct ( Table 2) .
The determinants of Dienes compatibility

Efcct of incubation at 42 "C on proticine production, proticine sensitivity and Dienes typing
Examination of plates incubated at 37 and 42 "C showed that all the standard proticines were produced at 37 "C but not at 42 "C. Failure of proticine production at 42 "C was not due to the loss of the genetic determinant for such production since producing strains grown at 42 "C, inoculated on to PNPG blood agar plates and subsequently incubated at 37 "C, again produced proticines. Indicator strains on plates incubated at 37 and 42 "C showed the same patterns of inhibition by the standard proticines produced at 37 "C indicating that incubation at 42 "C affected neither the sensitivity of the indicator strains nor the proticine itself.
If proticine production is required for the formation of a Dienes line then incubation at 42 "C should prevent the formation of this line and strains of the type Px/So and Py/So should give the reaction of compatibility at this temperature. Most strains failed to swarm at 42 "C on 1-5 % (w/v) blood agar. However, those strains of different P/S type that were able to swarm at 42 "C formed Dienes lines at 37 "C but not at 42 "C ( Fig. 2) . Non-producing strains of different proticine sensitivity also gave reactions of compatibility at 42 "C. To obtain swarming of the remaining strains at 42 "C, the agar concentration had to be reduced to 0.5 % (w/v). Many strains of different PIS types were tested on this medium at 42 "C and all gave reactions of compatibility with one another, whereas they were incompatible on control plates incubated at 37 "C.
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DISCUSSION
The Dienes phenomenon cannot be explained simply on the basis of sensitive cells being killed by proticine because different non-producing strains may give Dienes lines and proticine-insensitive strains of different P type are incompatible. However, both the proticine production (P type) and proticine sensitivity (S type) characters are implicated as determinants of compatibility. With very few exceptions, strains of the same P/S type were compatible with one another, whereas strains of different P/S types were incompatible. In those few instances where strains of the same P/S type were incompatible with one another, one of the strains was probably producing a slightly different proticine (say a new subtype) or possessed a sensitivity to an, as yet, undefined proticine. There are a number of strains which produce such 'atypical' proticines (Senior, 1977) . It seems highly improbable that the observed correlation between P/S type and Dienes compatibility was a fortuitous character of locally isolated strains, because each strain was a single isolate from unrelated individuals and the Cradock-Watson strains isolated in a number of Public Health Service laboratories also behaved as predicted from their P/S types. Moreover, the correlation was not restricted to swarming strains of P . mirabifis; each of three strains of P . vufgaris showed compatibility with the strains of P. mirabifis that had an identical PIS type.
The role of the P type and S type characters in determining compatibility is obscure. Incompatibility between two proticine-insensitive strains that produced different proticines suggested the involvement of the P type as a determinant of strain compatibility. Moreover, the incompatibility between strains producing the different subtypes of proticine I substantiated the claim (Senior, r 977) that these were related but distinct proticines. If the plasmid for proticine production rather than its product (proticine) is the determinant of compatibility, incompatibility or exclusion between proticine plasmids might lead to the formation of a Dienes line between strains of different P types. Furthermore, this reaction would be independent of restrictions demanding accompanying sensitivity to a particular proticine. If this were correct, strains of the type Px/So should be compatible with strains of the type Po/So, since there are neither restraints of proticine sensitivity, nor of plasmid. Such compatibility, however, was not observed with strains believed to be of the Po/So type.
Evidence for the importance of proticine production in the formation of the Dienes line was provided by the experiment in which the formation of Dienes lines was prevented and normally incompatible strains gave reactions of compatibility at an incubation temperature of 42 "C. At this temperature no active proticine was produced.
What is the role of proticine in the formation of the Dienes line? In those instances where one swarming strain is sensitive to proticine produced by the other swarmer, killing can take place and the area of inhibited growth will appear as a narrow Dienes line because the diffusion rate in agar for all the standard proticines is slow (unpublished results). The action of certain proticines on sensitive cells, like that of some colicins, might be on the cytoplasmic membrane, leading to the swelling of the sensitive cell and the formation of the large bodies observed by Dienes ( I 946) . Attempts to produce artificial Dienes lines by swarming proticine-sensitive strains towards reservoirs of proticine from either mitomycin C-induced cultures of producer strains or from proticine produced by prior growth of non-swarming producer strains on blood agar, have been unsuccessful, possibly because contact between swarming cells is necessary. It is unlikely that the only role of proticine is its lethal action on sensitive cells because, if plasmid incompatibility is excluded, there is no explanation for the incompatibility that exists between strains which produce different proticines and which are insensitive to proticine. In these instances each proticine must have at least two specific roles; one is to inhibit the growth of strains sensitive to its proticine and the other is to elicit either a negative chemotactic response or a temporary inhibition of growth in all strains not producing that particular proticine. The definition of the Dienes line would thus be influenced by the interplay of proticine eliciting a lethal or growth-inhibitory action, negative chemotaxis and possibly even genetic incompatibility. This would account for the varied appearances of Dienes lines in tests between different strains (Fig. 3) .
The role of the S type character in determining compatibility is even harder to explain. Its involvement was suggested when strains of different proticine sensitivity, which failed to produce a standard type of proticine, were found to be incompatible with one another. These types of strains cannot strictly be called 'non-producers' for they may produce proticines for which there is no indicator or possess genetic elements for proticine production which are in a state of repression. However, it is unlikely that these explanations are true for all such strains.
Proticine sensitivity is probably analogous to colicin sensitivity and determined by the presence of specific receptors situated on the cell surface. Some colicin receptors are multifunctional and as well as adsorbing specific colicins also adsorb certain phages, other colicins, iron and vitamins (Fredericq, 1949~1, , 1973) . Possibly proticine receptors are similarly multifunctional. When the proticine receptors present on a swarming strain adsorb the corresponding proticine produced by another swarming strain, growth will be inhibited and a Dienes line formed. However, in all other instances the receptor may function in one of its other roles. Any difference between the S type of opposing swarms would be rapidly detected and any resulting negative chemotactic response arising from specific chemical adsorption by the distinguishing receptor would result in the formation of a Dienes line. The failure of formation of Dienes lines at 42 "C between non-producing strains of different S type while these strains retain sensitivity to proticine could be due to heat-induced changes at the receptor site permitting proticine to act but inhibiting either adsorption and/or the negative chemotactic response to other chemicals.
The behaviour of certain of the mutants selected for proticine resistance is thought to be similar to that of these colicin-tolerant strains. These proticine-resistant mutants have an S type different from the parent strain and yet they show Dienes compatibility with the parent strain and incompatibility with wild-type strains of the same P/S type as the mutant. Thus in these mutants the receptor appears to be maintained in some way but the strain is tolerant to the proticine, suggesting that the proticine receptor does not necessarily have to be in an 'active' state (i.e. one permitting lethal action of proticine) to play a role in determining compatibility. The seemingly erroneous reaction of compatibility between such strains as ~6 (Po/Sr,5) and ~6 (Po/Ss) could therefore be explained on the basis that strain 146 possesses the proticine I receptor but is tolerant to the action of proticine I. This is feasible because sensitivity to proticine 5 is often associated with sensitivity to proticine I (Senior,  1977) .
The overall picture is one of the interaction between the P type and S type characters of swarming strains. If differences are detectable the outcome will be the inhibition of growth and the formation of a Dienes line. Alternatively, if no differences are detectable, the opposing swarmer is recognized as 'self' and the strains will be compatible with each other. It is hoped that further genetic experiments will add support to the evidence presented that both P type and S type characters are determinants of compatibility in the Dienes test.
